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DQGFRQVWUDLQWVWKDWRIWHQDUHFRPSHWLQJ(QHUJ\HIILFLHQF\SURMHFWVLQKLVWRULFEXLOGLQJVDUHIDFLQJWZRFRQWUDGLFWLQJ
JRDOV±FXOWXUDOYDOXHVDQG WKH LPSURYHPHQWRI WKHLUHQHUJ\SHUIRUPDQFH$ WKHUPDO LQVXODWLRQFDQQRWDOZD\VEH
DSSOLHGRQWKHH[WHULRUZDOOVGXHWRWKHSUHVHUYDWLRQRIWKHIDFDGH>@,QWKDWFDVHLQWHULRULQVXODWLRQPHDVXUHVVKRXOG
EHFRQVLGHUHG,QWHUQDOLQVXODWLRQFXUUHQWO\UHSUHVHQWVWKHPRVWGLIILFXOWUHWURILWPHDVXUHLQKLVWRULFEXLOGLQJVGXHWR
K\JURWKHUPDOSURFHVVHVLQH[WHUQDOZDOOV
7KHPDLQREMHFWLYHRIWKLVUHYLHZLVWRGHWHUPLQHWKHVL]HVKDUHDQGWKHHQHUJ\FRQVXPSWLRQRIKLVWRULFEXLOGLQJ
VWRFNLQ/DWYLDDVZHOODVH[DPLQHPRVWFRPPRQO\IRXQGKLVWRULFEXLOGLQJH[WHUQDOZDOOW\SHVLQ/DWYLDGHWHUPLQH
WKHLU SK\VLFDO SURSHUWLHV FODVVLI\ WKHP E\ GLIIHUHQW W\SHV REVHUYH DQG GHVFULEHPDLQ KLVWRULF EXLOGLQJ HQYHORSH
GHWHULRUDWLRQ V\PSWRPV DQG VWXG\ WKHLU SRVVLEOH FDXVHV 7KLV ZLOO VHUYH DV EDVLV IRU IXUWKHU LQYHVWLJDWLRQV RI
DSSOLFDWLRQRI LQWHUQDO LQVXODWLRQ LQKLVWRULFEXLOGLQJV+LVWRULFEXLOGLQJVUHSUHVHQWDOO W\SHVRISURWHFWHGDQGQRQ
SURWHFWHGEXLOGLQJVEXLOWEHIRUH7KHVXUYH\RIVWUXFWXUDOHOHPHQWVLVOLPLWHGWREXLOGLQJVZLWKKHDY\ZDOOVVWRQH
EULFNWLPEHUIUDPLQJWKXVH[FOXGLQJZRRGHQEXLOGLQJV
0HWKRGRORJ\
7KLVUHYLHZKDVEHHQFDUULHGRXWEDVHGRQDOLWHUDWXUHVWXG\5HOHYDQWDUWLFOHVZHUHVHDUFKHGLQWKHGDWDEDVHVRI
6FRSXV:HERI6FLHQFHV5LJD7HFKQLFDO8QLYHUVLW\ZHESDJHRIWKH6WDWH,QVSHFWLRQIRU+HULWDJH3URWHFWLRQZHE
SDJHVRI0LQLVWU\RI(FRQRPLFVDQGWKH&HQWUDO%XUHDXRI6WDWLVWLFVDQGLQWKH1DWLRQDO/LEUDU\RI/DWYLD,QWKH
VHDUFKSURFHGXUHWKHNH\ZRUGVXVHGZHUHKLVWRULFDOEXLOGLQJLQWHUQDOLQVXODWLRQKLVWRULFDOEXLOGLQJPDWHULDOVHQHUJ\
HIILFLHQF\LQKLVWRULFDOEXLOGLQJV
6XUYH\RIKLVWRULFEXLOGLQJVWRFN
7KHEXLOGLQJVHFWRULQ/DWYLDFRQVXPHVDOPRVWRIWRWDOQDWLRQDOHQHUJ\FRQVXPSWLRQ>@7KHUHIRUHEXLOGLQJ
VHFWRUKDVVLJQLILFDQWHQHUJ\HIILFLHQF\SRWHQWLDO0RVWRIWKHH[LVWLQJEXLOGLQJVKDYHKLJKHQHUJ\FRQVXPSWLRQDQG
WKH\KDYHVLJQLILFDQWO\ORZHUWKHUPDOSURSHUWLHVWKDQFDQEHDFKLHYHGE\FXUUHQWO\DYDLODEOHWHFKQRORJLHV7DEOH
LOOXVWUDWHVWRWDOQXPEHURIUHVLGHQWLDODQGQRQUHVLGHQWLDOEXLOGLQJVDQGUHVSHFWLYHEXLOWDUHDFRQVWUXFWHGEHIRUHDQG
DIWHULQFOXGLQJZRRGHQEXLOGLQJV:KLOHRQHIDPLO\EXLOGLQJVDUHGRPLQDWLQJLQQXPEHURIEXLOGLQJV
WKH\WDNHRQO\IURPEXLOWDUHD,WFDQEHH[SODLQHGE\WKHQDWXUHRIKLVWRULFEXLOGLQJV±EXLOGLQJVWRFNFRQVWUXFWHG
EHIRUHLVODUJHO\PDGHXSRIRQHRUWZRIORRUEXLOGLQJV
7DEOH7RWDOQXPEHURIUHVLGHQWLDODQGQRQUHVLGHQWLDOEXLOGLQJVDQGUHVSHFWLYHEXLOWDUHDFRQVWUXFWHGEHIRUHDQGDIWHU>@
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  
2QHIDPLO\EXLOGLQJV      
1RQUHVLGHQWLDOEXLOGLQJV      
7RWDO      

/DWYLDQ6WDWH,QVSHFWLRQIRU+HULWDJH3URWHFWLRQKDVOLVWHGDUFKLWHFWXUDOPRQXPHQWVRIWKHVHPRQXPHQWV
DUHRIQDWLRQDOVLJQLILFDQFHZKLOHPRQXPHQWVDUHRIORFDOVLJQLILFDQFH>@
%DVHGRQQXPEHURIDVVXPSWLRQVIURP>±@DQQXDOKHDWLQJHQHUJ\FRQVXPSWLRQLQKLVWRULFDOEXLOGLQJVWRFNLQ
/DWYLDLVHVWLPDWHG7:KRUDSSUR[LPDWHO\IURPWRWDOILQDOKHDWLQJHQHUJ\FRQVXPHGE\ERWKUHVLGHQWLDODQG
QRQUHVLGHQWLDOEXLOGLQJVHFWRULQ>@
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3.1. Main wall types of historical buildings in Latvia 
7KHILUVWDYDLODEOHGDWDRQPDVRQU\EXLOGLQJVLQ/DWYLDDUHIURPWKFHQWXU\7KHILUVWRIILUHGEULFNVEXLOGLQJVLQ
5LJDDUHPHQWLRQHGLQWKHEHJLQQLQJRIWKFHQWXU\)URPWKWRWKFHQWXU\RQO\H[WHULRUVKHOOKDVEHHQEXLOWRI
EULFNWKHUHVWRIWKHZDOOZDVILOOHGZLWKOLPHPRUWDUFRQVWUXFWLRQZRUNUHVLGXHVDQGLUUHJXODUVWRQHV%HFDXVHRI
ZDUVGXULQJWKDQGWKFHQWXULHVPRUHEXLOGLQJVZHUHGHVWUR\HGWKDQFRQVWUXFWHG%XLOGLQJVIURPWKLVSHULRGDUH
ZLWKYHU\SRRUTXDOLW\ZLWKUXEEOHZDOOV&RQVWUXFWLRQVDQGPDWHULDOVXVHGIRUEXLOGLQJVZHUHZLWKYDULRXVRIWHQ
GLYHUJHQWFKDUDFWHULVWLFV)RUD ORQJWLPHEULFNPDVRQU\WHFKQRORJ\GLGQRWFKDQJH1HZFRQVWUXFWLRQWHFKQRORJ\
DSSURDFKHGRQO\LQWKFHQWXU\ZKHQFDYLW\ZDOOVZHUHLQWURGXFHG>@
,QUXUDODUHDVWKHPDLQEXLOGLQJPDWHULDOVZHUHZRRGVWRQHDQGFOD\7KHROGHVWEXLOGLQJVGLGQRWKDYHDPDVVLYH
VWRQH IRXQGDWLRQ DQG K\GUR LVRODWLRQ EXW LW VORZO\ZDV LQWURGXFHG ODWHU $W WKH VHFRQG KDOI RI WK FHQWXU\ WKH
IRXQGDWLRQVZHUHPDGHRITXDUULHGVWRQHZLWKOLPHPRUWDU7KHZDOOVZHUHEXLOWRIORJVDQGDWWKHEHJLQQLQJRIWK
FHQWXU\FOD\ZDVXVHGIRUH[WHUQDOZDOOV>@:DOOWKLFNQHVVRIFOD\ZDOOVLVDWOHDVWPIRUUHVLGHQWLDOEXLOGLQJV
7RSURWHFWH[WHUQDOZDOOVIURPPRLVWXUHLPSDFWDUHSODVWHUHGZLWKOLPHJUDYHORUURPDQFHPHQWJUDYHOPRUWDU>@

  
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
)LJ'LIIHUHQWW\SHVRIKLVWRULFDOEXLOGLQJV¶KHDY\ZDOOVDUXEEOHZDOOEFOD\ZDOOFEULFNFDYLW\ZDOOZLWKSODVWHUGEULFNFDYLW\ZDOO
ZLWKRXWSODVWHUHPDVVLYHVWRQHZDOO

,QURXJKVWRQHEXLOGLQJVWKHVL]HRIVWRQHXVHGIRUH[WHUQDOZDOOVFRXOGQRWH[FHHGPZLWKWKHPLQLPDOVL]H
RIP6WRQHVZLWKVL]HOHVVWKDQPFRXOGQRWH[FHHGRIWKHRYHUDOOYROXPHRIZDOO5HVLGHQWLDOEXLOGLQJV
ZHUHEXLOWZLWKDWOHDVWPWKLFNZDOOVEHFDXVHWKHVWRQHVDUHJRRGKHDWWUDQVPLWWHUV,IWKHZDOOEXLOWIURPJUDQLWH
GRORPLWHDQGOLPHVWRQHLVSODVWHUHGIURPERWKVLGHVZDOOFDQEHEXLOWRQO\±PWKLFN7RDYRLGFRQVWUXFWLRQ
RIWKLFNVWRQHZDOOVLQUHVLGHQWLDOEXLOGLQJVLQWHUQDOOD\HURIóWRòEULFNDQGDERXWFPZLGHDLUJDSZLWKEULFNWLHV
ZDVDOORZHG:KHQJUDQLWHVWRQHZHUHXVHGIRUZDOOVODUJHUVWRQHVZHUHSODFHGLQFRUQHUVDQGLQWKHPLGGOHILOOLQJ
WKHJDSEHWZHHQWKHVWRQHVZLWKFRQVWUXFWLRQPDWHULDOUHVLGXHVWKXVUHGXFLQJPRUWDUFRQVXPSWLRQ,QVRPHFDVHVLQ
WKHFRUQHUVDQGLQWKHPLGGOHRIWKHEXLOGLQJIDoDGHEULFNFROXPQVZHUHEXLOWOLNHDIUDPHDQGWKHUHVWRIWKHZDOOZDV
EXLOWIURPJUDQLWHVWRQHV(YHU\±PDEULFNOD\HUZDVEXLOWWRIODWWHQWKHVWRQHOD\HU>@
%XLOGLQJVIURPDVKODUDUHYHU\UDUH0RVWO\VXFKPDVRQU\ZDVEXLOWRQO\IRUXSSHUSDUWRIIRXQGDWLRQDQGWRFODG
ZDOOV EXLOW IURPVWRQH DQGEULFN ,Q/DWYLDQ FOLPDWHKDUG VSHFLHVRI VWRQHV DUHXVHG±JUDQLWHJQHLVV VDQGVWRQH
V\HQLWHHWF7KHVHZDOOVDOZD\VXVHGFHPHQWJUDYHOPRUWDUZLWKILQHJUDYHO>@
'XHWRFROGFOLPDWHH[WHUQDOZDOOVLQUHVLGHQWLDOEXLOGLQJVZLWKEULFNZDOOVDUHòEULFNRUDWOHDVWEULFNP
WKLFN:DOOWKLFNQHVVLQFUHDVHVHYHU\òEULFNVHYHU\WZRIORRUVGRZQLQZDUGVRWKHH[WHUQDOVLGHRIZDOOLVVPRRWK
0RUWDUFRXOGQRWEHWKLFNHUWKDQPP7KHZDOOVDQGIRXQGDWLRQVEXLOWIURPVWRQHVDQGEULFNPDVRQU\ZHUHEXLOW
ZLWKFHPHQWOLPHFHPHQWRUOLPHPRUWDU>@
&DYLW\ZDOOVZHUHLQWURGXFHGLQWKFHQWXU\7KHDLUJDSVHUYHGDVKHDWLQVXODWLRQOD\HU2IWHQLQRUGHUWRLPSURYH
H[LVWLQJEXLOGLQJVDQRWKHULQWHUQDOEULFNOD\HUZDVDGGHGWRH[WHUQDOZDOOV1HZO\EXLOWLQWHUQDOOD\HUZDVFRYHUHG
ZLWKVWXFFRDQGSDLQWHGRUFRYHUHGZLWKZDOOSDSHU$OOEXLOGLQJVEXLOWIURPWKHHQGRIWKFHQWXU\XQWLOWKHEHJLQQLQJ
RIWKFHQWXU\DUHEXLOWWKLVZD\>@7RDYRLGFRQVWUXFWLRQRIWKLFNVWRQHZDOOVLQUHVLGHQWLDOEXLOGLQJVLQWHUQDO
OD\HURIóWRòEULFNDQGDERXWFPZLGHDLUJDSZLWKEULFNWLHVZDVDOORZHG
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3.2. Materials used for historical building walls 
7KHKLVWRULFDOEXLOGLQJPDWHULDOVXVHGLQ/DWYLDQKLVWRULFDOEXLOGLQJVDUHQRWZLGHO\VWXGLHG6WXGLHVDUHDYDLODEOH
RQVHSDUDWHEXLOGLQJVWUXFWXUDOHOHPHQWV5LJD&LW\&RXQFLOWKH5LJD6WRFN([FKDQJHPDLQO\IRUUHVWRUDWLRQQHHGV
EXWWKH\GRQRWSURYLGHDQLQGHSWKLQVLJKWLQK\JURWKHUPDOSURSHUWLHVRIPDWHULDOVXVHG
6WRQHV WKDW DUHXVHG LQKLVWRULFDO EXLOGLQJV LQ/DWYLD DUH ORFDOO\ IRXQGGLIIHUHQW W\SHVRI URFNJUDQLWH JQHLVV
V\HQLWHGRORPLWH OLPH VROLG OLPHVWRQHSRURXV OLPHVWRQHGRORPLWH HWF1RQVSOLQWHUHGVWRQHVDUHXVHGRQO\ IRU
IRXQGDWLRQVRUVPDOODJULFXOWXUDOEXLOGLQJV)RUUHVLGHQWLDOEXLOGLQJVRQO\VSOLQWHUHGVWRQHVKDYHEHHQXVHG>@
/LWRORJ\FDOPRUSKRORJLFDOW\SHVRIGRORPLWHVXVHGIRU5LJDDUFKLWHFWXUDOPRQXPHQWVXVHGDUHVWXGLHGE\+RGLUHYD
HWDO>@6WRQHPDWHULDOVKDYHEHHQLQYHVWLJDWHGLQ5LJD6WRFN([FKDQJHE\,JDXQH%OXPEHUJDHWDO>@DQGLQ5LJD
'RPD&KXUFKE\*UDYHHWDO>@
8QILUHGFOD\EULFNVKDYHEHHQXVHGIRULQWHUQDOPDVRQU\OD\HUZKLOHWKHRXWHUOD\HUZDVPDGHRIILUHGEULFNV
2QO\IHZVWXGLHVKDYHEHHQFDUULHGRXWDERXWEULFNVXVHGLQKLVWRULFDOEXLOGLQJVLQ/DWYLD=DJRUVNDVHWDOKDYH
VWXGLHGKLVWRULFDOEXLOGLQJVLQ%DOWLF6HD5HJLRQ>@%OXPEHUJDHWDOKDYHLQYHVWLJDWHGKLVWRULFDOEULFNEXLOGLQJV
LQ5LJDLQWKHVFRSHRI(8ILQDQFHGSURMHFW&RROEULFNV>@%DMDUHHWDOKDYHVWXGLHGWK±WKFHQWXULHVEULFNVIURP
9HQWVSLOVFDVWOH>@
0RVWRIWHQDVPRUWDUVIRUPDVRQU\ZHUHXVHGOLPHPRUWDUREWDLQHGIURPOLPHVWRQHFDOFLXPFDUERQDWHZKLFKLV
ILUHGLQWKHRYHQGRZQWRWKHFDOFLXPR[LGH,WLVPL[HGZLWKZDWHUWKXVFDOFLXPK\GUR[LGHLVGHULYHG6DQGJUDYHO
DQGZDWHULVDGGHG7KLVZD\PRUWDUDWWUDFWVZDWHUDQGFDUERQGLR[LGHRYHUWLPHDQGFKDQJHVEDFNLQWRWKHOLPHVWRQH
FDOFLXP FDUERQDWH >@ 3ODVWHULQJPRUWDU ELQGLQJ VXEVWDQFH LV GRORPLWH FDOFLXP5RPDQ FHPHQW DQG SRUWODQG
FHPHQWSODVWHUEXWDVDGGLWLYHVDUHXVHGPDJQHVLXPGRORPLWHHWF>@
3ODVWHUVDUHPDGHRIZDWHUJUDYHODQGELQGHUVOLPHGRORPLWHURPDQFHPHQWDQGSRUWODQGFHPHQWEXWH[FLSLHQWV
DUHJ\SVXPPDJQHVLXPGRORPLWHHWF3ODVWHUW\SHVFRDUVHSODVWHUFPVLPSOHSODVWHUVPRRWKSODVWHUWKUHH
OD\HUSODVWHURUILQHSODVWHUJUDQLWHJUDLQ(GHOSXW]ZKLWHRUPDUEOHFHPHQWPDUEOHGXVWSODVWHUDUWLILFLDOPDUEOH
PRVDLFSODVWHUZDWHUUHVLVWDQWSODVWHU>@
3.4. Most common types of structural damages of historical building walls and their causes 
'DPDJHVFDXVHGWRKLVWRULFDOEXLOGLQJVLQ/DWYLDKDYHEHHQVWXGLHGE\%DMDUHHWDO>@DQG/LQGLQDHWDO>@LQ
5LJD'RPHFKXUFK'DPDJHFDXVHGWRKLVWRULFDOEXLOGLQJVLQ5LJDE\1D&OLVVWXGLHGE\9LWLQDHWDO>@:DWHU
VROXEOHVDOWVFKORULGHVQLWUDWHVVXOSKDWHVLQKLVWRULFDOEXLOGLQJEULFNVZHUHVWXGLHGE\%OXPEHUJDHWDO>@DQG
*UDYD>@
&RQFOXVLRQ
7KHVWXG\UHVXOWVVKRZWKDWWKHKLVWRULFDOEXLOGLQJPDWHULDOVXVHGLQ/DWYLDQKLVWRULFDOEXLOGLQJVDUHQRWZLGHO\
VWXGLHG6WXGLHVDUHDYDLODEOHRQVHSDUDWHEXLOGLQJVWUXFWXUDOHOHPHQWV5LJD&LW\&RXQFLOWKH5LJD6WRFN([FKDQJH
9HQWVSLOVFDVWOHPDLQO\IRUUHVWRUDWLRQQHHGVEXWWKH\GRQRWSURYLGHDQLQGHSWKLQVLJKWLQK\JURWKHUPDOSURSHUWLHV
RIPDWHULDOVXVHG2QO\DIHZVWXGLHVKDYHEHHQFDUULHGRXWDERXWEULFNVXVHGLQKLVWRULFDOEXLOGLQJVLQ/DWYLD'DPDJHV
FDXVHG WR KLVWRULFDO EXLOGLQJV LQ/DWYLD KDYHEHHQ VWXGLHGE\ IHZ DXWKRUV )XUWKHU UHVHDUFKZLOO IRFXV RQ WHVWLQJ
K\JURWKHUPDOSURSHUWLHVRIGLIIHUHQWPDWHULDOVXVHGLQKLVWRULFDOEXLOGLQJVWRFNLQ/DWYLD
$FNQRZOHGJHPHQWV
7KLVVXUYH\LVFDUULHGRXWLQWKHVFRSHRI(8ILQDQFHGSURMHFW³5L%XLOG±5REXVW,QWHUQDO7KHUPDO,QVXODWLRQRI
+LVWRULF%XLOGLQJV´5,%XLOG+(( 
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